Employing U (3) L × U (3) R chiral field theory, we find that Dashen's theorem, which holds for pseudoscalar mesons, can be generalized to the sector of axial-vector mesons, however, fails for vector mesons.
Also, the energy of the virtual photon cloud around these mesons can cause the mass differences between charged particles and their corresponding neutral partners which belong to the same isospin multiplet of an SU(3) multiplet.
The earliest study on electromagnetic masses of mesons has been done by Dashen [1] nearly thirty years before. Dashen's theorem, which states that the square electromagnetic mass difference between the charge pseudoscalar mesons and their corresponding neutral partners are equal in the chiral SU(3) limit, is expressed as (m
The subscript EM denotes electromagnetic mass.
It is well known that the three multiplets(0 − , 1 − and 1 + ) correspond to the same quark constituent but different spin or parity in the quark model. The mass gap among them is due to spontaneous chiral symmetry breaking. Thus a very natural question is to ask whether Dashen's theorem(which holds for pseudoscalar mesons) can be generalized to be obeyed by vector and axial-vector mesons. It will be shown below that the generalization to axial-vector mesons is valid, namely, in the chiral SU ( However, this generalization fails for vector mesons.
Recently, a U (3) L × U (3) R chiral field theory of pseudoscalar, vector, and axial-vector mesons is proposed and studied at the tree level for various mesonic processes [2] . This theory provides a unified description of meson physics at low energies, and its phenomenology is quite encouraging.
Vector meson dominance(VMD) [3] in the meson physics is a natural result of this theory instead of an input. Namely, the dynamics of the electromagnetic interactions of mesons has been introduced and established naturally. Therefore, the present theory makes it possible to evaluate the electromagnetic self-energies of these low-lying mesons systematically. Then the generalization of Dashen's theorem can be investigated by employing this theory.
The basic Lagrangian of this chiral field theory is (hereafter we use the notations in Ref. [2] )
where 
The direct couplings of photon to other mesons are constructed through the substitutions
where
g is a universal coupling constant in this theory. It can be determined by taking the experimental value of m a as an input [2, 4] .
, we can evaluate the following S-matrix
On the other hand S Φ can also be expressed in terms of the effective Lagrangian of Φ as
, then the electromagnetic interaction correction to the mass of Φ reads
where Φ|Φ 2 |Φ = Φ| d 4 xΦ 2 (x)|Φ . Thus, all of virtual photon contributions to mass of the mesons can be calculated systematically.
In the following, firstly, we shall re-examine Dashen's theorem for pseudoscalar mesons in the framework of the present theory. Then, the generalization of this theorem for axial-vector and vector mesons is studied , and the π 0 electormagnetic self-energy is evaluated at the leading order in quark mass expansion. Finally, we give the summary and conclusions.
2. Due to VMD(Eq.(3)), the interaction Lagrangians which can contribute to electromagnetic mass of the mesons has to contain the neutral vector meson fields which only include ρ 0 , ω and φ.
When the calculations are of O(α em ) and one-loop, there are two sorts of vertices contributing to electromagnetic self-energies of pseudoscalar mesons: four points vertices and three points vertices.
The former must be the coupling of two pseudoscalar fields and two neutral vector mesons fields, and the latter must be the interaction of a pseudoscalar field to a neutral vector meson plus another field.
Thus, From Ref. [2] , the interaction Lagrangians contributing to electromagnetic mass of pseu-doscalar mesons(π and K) in the chiral limit can be easily obtained, which reads as follows
with
where v denotes the neutral vector mesons ρ 0 , ω and φ, v 8
and its value is 0.186GeV . Here, we neglect the contributions to electromagnetic mass of pions or kaons which are proportional to m 2 π or m 2 K , because we are interested in the case of chiral limit. Note that there are no contributions to electromagnetic masses of π 0 in the chiral limit. This 
The Lagrangians contributing to electromagnetic masses of K ± are different from ones to electromagnetic mass of K 0 . The difference comes from the structure constants of SU(3) group:
2 . Note that the vector meson fields( ρ, ω and φ) and axial-vector meson fields(a 1 and K 1 (1400)) in the above Lagrangians would always appear as propagators in the S-matrices which can contribute the electromagnetic self-energies of pseudoscalar mesons. Using Eq.(3) with SU(3) symmetry limit m ρ = m ω = m φ , we can easily obtain that v 8 µ is equivalent to ρ 0 µ when calculating the electromagnetic masses of the mesons. Thus, the Lagrangians contributing to electromagnetic masses of K 0 will vanish, namely,
Likewise, we can conclude that the Lagrangian (10) and (11) are entirely equivalent to Lagrangians (8) and (9) respectively under the limit of m ρ = m ω = m φ and m a = m K 1 . Then, according to Eqs. (6) and (7) we have
These conclusions can also be checked by practical calculations. From Eqs. (8)- (13) and VMD, the electromagnetic masses of π ± , K ± and K 0 can be derived(to see Ref. [4] for details), which are as follows,
(m
(m (1)) is automatically obeyed in the chiral SU(3) limit.
3. It is straightforward to extend the present study to the case of axial-vector mesons. In the same way as in the case of pions and kaons, the Lagrangians contributing to electromagnetic masses of axial-vector mesons(a 1 and K 1 ) read
From the above Lagrangians(Eqs. (20)- (28)), we can find the case of axial-vector mesons is very like that of pseudoscalar mesons. Therefore, similar analyses can yield the similar results for axial-vector mesons, i.e. in the chiral SU(3) limit,
Here, it is necessary to check Eq.(29) by explicit calculations which can be done in the same way as in the previous section. Using Eqs. (20)- (28) together with VMD, we can get the expressions for the electromagnetic masses of axial-vector mesons, which are as follows,
where i=1,2.
where p is the external momentum of a 1 or K 1 -fields(p 2 =m 2 a or m 2
on mass-shell), and
Taking m ρ = m ω = m φ , and m a = m K 1 , we obtain
Then Eq.(29) holds, which indicates that Dashen's theorem can be generalized to SU(3) sector of axial-vector mesons in the present theory.
Similarly, according to Ref. [2] , the Lagrangians which contibute to the electromagnetic masses of ρ ± and K * ± read
Eq.(42) and Eq.(45) come from the abnormal part of the effective Lagrangian L IM (to see Ref. [2] ).
Thus, similar to the above, it is not difficult to conclude that ρ ± and K * ± can receive the same electromagnetic self-energies in the chiral SU(3) limit,
However, ρ 0 and K * 0 can also obtain electromagnetic masses even in the chiral SU(3) limit, which is different from the case of neutral pseudoscalar and axial-vector mesons. The Lagrangian contributing to the electromagnetic masses of K * 0 is
Note that in Eq.(49), the combination of the neutral vector mesons is −ρ µ + ω µ + √ 2φ µ instead of −ρ µ +ω µ − √ 2φ µ emerging in Eqs.(47)(48) and the Lagrangians contributing to the electromagnetic masses of K 0 and K 0 1 . Therefore, even in the chiral SU(3) limit, the electromagnetic masses of K * 0 is nonzero due to the contribution coming from Eq.(49)(the contributions of Eqs. (47) and (48) vanish in the limit of m ρ = m ω = m φ ).
As to electromagnetic masses of ρ 0 -mesons, the things are more complicated. The contributions
Distinguishing from the case of K * 0 , the direct ρ 0 -photon coupling which comes from VMD(Eq.(3)) can bring both the tree and one-loop diagrams contributing to the electromagnetic masses of ρ 0 in the chiral limit. Thus, (m 2 ρ 0 ) EM is nonzero. Furthermore, from the point of view of large-N c expansion [5] , the tree diagrams are O(N C ) while the one-loop diagrams are O(1) [2] , in general, we can not expect that (m 2 ρ 0 ) EM = (m 2 K * 0 ) EM in the chiral SU(3) limit(only loop diagrams can contribute to (m 2 K * 0 ) EM ). So the generalization of Dashen's theorem fails for the vector mesons. 4 . It has been known that Dashen's theorem is only valid in the chiral SU(3) limit, and a rather large violation of the theorem due to SU(3) symmetry breaking has been revealed in Refs [4, 6, 7] .
Moreover, nonzero quark masses will cause the significant contributions to the electromagnetic masses of neutral pions [8] .
The Lagrangian contributing to electromagnetic masses of π 0 -mesons at the leading order in quark mass expansion is exactly Eq.(50). Using VMD(Eq.(3)), we can get the vertices of L γωπ 0 and L γρ 0 π 0 as follows.
